Background
==========

Type 1 diabetes in adolescents is a challenge for the teenagers, their parents and the diabetes health care providers (HCPs) \[[@B1]\]. Despite new medical treatment modalities, the prognosis for childhood-onset type 1 diabetes remains poor \[[@B2],[@B3]\]. The number of life years lost remains unchanged over the last four decades at approximately 17 years for a child diagnosed with type 1 diabetes at the age of 10 years \[[@B4]\]. Keeping blood glucose levels as close to normal as possible from as early in the disease as possible is known to prevent or postpone late diabetic complications \[[@B5]-[@B8]\]. The recommended target for haemoglobin A1c (HbA1c) in adolescents with type 1 diabetes is less than 7.5% without increasing the occurrence of hypoglycaemia \[[@B9]\]. However, adolescents typically do not maintain the necessary degree of diabetes self-management or the recommended HbA1c levels \[[@B10],[@B11]\]. In Denmark, 31% of affected adolescents meet the recommended HbA1c threshold \[[@B12]\]. Although late diabetic complications are rarely seen during adolescence, there is evidence that their pathogenesis begins soon after diagnosis and accelerates during puberty \[[@B13],[@B14]\].

Challenges faced by adolescents trying to integrate diabetes into their lives
-----------------------------------------------------------------------------

Most adolescents experience difficulties integrating the diabetes regimen into their lives; they confront significant conflicts between the need for diabetes management and psychosocial developmental needs and challenges \[[@B1],[@B15]\]. Belonging to a peer group and fitting into the group\'s social norms and behaviours may be perceived as more important to the quality of a teenager\'s life than diabetes treatment \[[@B16]\]. Avoiding taking care of the disease as advised by HCPs and parents often leaves the adolescents with feelings of guilt, a conflicted conscience and frustration \[[@B17]\]. At the same time, they have conflicting experiences of being watched over, blamed and controlled by their parents \[[@B18]\], while also being vulnerable to the disease \[[@B19]\] and still needing guidance from their parents to manage the daily treatment \[[@B20]-[@B22]\]. This increases conflicts and deteriorates adolescent-parent collaboration and adolescent self-management \[[@B23],[@B24]\]. From the adolescent\'s point of view, striving for independence and self-management of the disease is known to present a considerable stress \[[@B25],[@B26]\].

Challenges faced by parents in transferring responsibility
----------------------------------------------------------

During adolescence, the responsibility for the management of diabetes should gradually be transferred from parents to adolescents \[[@B1],[@B27]\]. Some parents are, however, reluctant to transfer responsibility for diabetes management, as they doubt the adolescents\' abilities to self-manage their diabetes \[[@B28],[@B29]\]. Other parents leave all responsibility for managing the disease to their adolescents, trying to avoid conflicts or expecting them to be competent because of their age and the amount of time since diagnosis \[[@B30]\]. Both approaches may lead to poor glycaemic control \[[@B31],[@B32]\]. A constructive form of parental involvement comprising guidance and supervision, shared knowledge and shared responsibility yields better glycaemic control \[[@B33]\]. However, systematic education and guidance on how to be a constructive and supportive parent is not currently offered as part of routine care \[[@B34],[@B35]\].

Challenges faced by health care providers in their interactions with adolescents and parents
--------------------------------------------------------------------------------------------

HCPs view adolescence as a difficult time in which the processes of managing diabetes, providing guidance and eliciting cooperation from adolescents and their parents are complex \[[@B36]-[@B38]\]. Apart from optimising medical treatment for diabetes, HCPs should aim to effectively navigate the interaction between adolescents struggling to find their identity separate from their parents and parents concerned about their child\'s difficulties combining teenage life with diabetes self-management \[[@B39]\]. HCPs should encourage parental involvement that facilitates adolescents\' independent decision-making through a gradual transfer of responsibility and management of the disease \[[@B40]-[@B42]\]. However, current diabetes education and routine outpatient clinic visits seem to have little effect on conflict resolution, transfer of responsibility, self-management skills, and better glycaemic control \[[@B43]\].

Interventions
-------------

According to Anderson \[[@B24]\] and Delamater \[[@B44]\], psychosocial and behavioural family-based controlled interventions improve self-management, glycaemic control and family relationships. However, these interventions were carried out separate from routine paediatric outpatient clinic visits. Three randomised controlled studies have partly been integrated into routine paediatric outpatient clinics \[[@B43],[@B45],[@B46]\], and two of these studies included parents (Laffel \[[@B46]\] and Murphy \[[@B43]\]). Grey and colleagues have shown that coping skills training delivered to small groups of adolescents combined with intensive diabetes management improved quality of life and glycaemic control \[[@B45]\]. Laffel and colleagues have shown that a family-focused teamwork intervention run by a trained research assistant increased family involvement and prevented worsening of glycaemic control \[[@B46]\]. Murphy and colleagues have shown potential benefits on parental involvement and glycaemic control in a structured education programme for adolescents and parents in small groups, but further studies are in progress to confirm these findings \[[@B43]\].

In searching for a method that could be applied by HCPs and adapted to adolescents and their parents, we chose Guided Self-Determination (GSD), which has reduced HbA1c (by 0.4%) and improved life skills in adults with persistently poor glycaemic control of type 1 diabetes \[[@B47]\]. We adjusted GSD to adolescents and their parents (GSD-Young, named GSD-Y hereafter) for use in paediatric diabetes outpatient clinics by the adolescents\' usual HCPs. The current trial of GSD-Y is the first to evaluate the effect of an intervention involving both adolescents and parents that is carried out in routine outpatient clinics with HCPs from the adolescents\' usual interdisciplinary diabetes team.

We hypothesize that using GSD-Y in routine paediatric outpatient diabetes clinics will reduce HbA1c concentrations and improve adolescents\' life skills compared with those in a control group.

Objectives
----------

1\) To test whether GSD-Y can be integrated into routine paediatric outpatient diabetes clinics in a collaboration between adolescents, their parents and the interdisciplinary diabetes HCPs.

2\) To test whether GSD-Y reduces HbA1c and improves life skills in adolescents with type 1 diabetes.

3\) To illustrate how GSD-Y influences developing life skills in adolescents supported by their parents and their HCPs.

Methods/Design
==============

Ethical Approval
----------------

The trial will be performed in accordance with the recommendations guiding nurses in clinical research involving human participants (Helsinki Declaration). The project was reviewed by the Danish National Committee on Biomedical Research Ethics on April 17, 2009 as registry- and interview-based research (REC; reference number, 0903054 document number, 230436).

Type of study
-------------

This study is a life-skills intervention using a mixed methods design comprised of a randomised controlled trial and a nested qualitative evaluation \[[@B48]\]. Objective 2 will be met through the quantitative component, whereas Objectives 1 and 3 will be met through the qualitative component. The use of a quantitative and a qualitative approach in combination increases the opportunity for a complementary evaluation, which provides a better understanding of GSD-Y\'s potential to influence the process of improving glycaemic control and life skills than using either approach alone. The quantitative component evaluates the effect of GSD-Y, whereas the qualitative component has two purposes: a) to elucidate the factors that affect how well GSD-Y is implemented in routine clinics and perhaps affects the outcomes, and b) to provide a detailed understanding of how GSD-Y works in triads carried out as part of routine care delivered by the adolescents\' usual HCPs.

The protocol is summarised in a flowchart (Figure [1](#F1){ref-type="fig"}).

![Flowchart of the study](1471-2431-11-55-1){#F1}

Setting
-------

The study takes place at 2 paediatric outpatient clinics at 2 hospitals in the capital region of Denmark: Glostrup, with the largest diabetes outpatient clinic in Denmark (480 patients) and Hillerød, with the third largest diabetes outpatient clinic in Denmark (171 patients).

Two paediatric physicians, 5 paediatric diabetes nurses and 2 dieticians (HCP hereafter), trained and tested in using GSD-Y, will recruit adolescents with type 1 diabetes and conduct the GSD-Y intervention as part of their routine outpatient clinic visits.

Guided Self-Determination-Young: theoretical and conceptual frameworks
----------------------------------------------------------------------

GSD is a problem-solving and decision-making method designed to overcome barriers to empowerment in adult patient-provider interactions, and these barriers are explained by three grounded theories \[[@B49]-[@B51]\]. GSD has a formal theoretical foundation in life-skills theory \[[@B52],[@B53]\], empowerment \[[@B54]\] and motivational theory of self-determination \[[@B55],[@B56]\].

GSD-Y is aimed at improving glycaemic control and increasing adolescents\' life skills. Life skills is defined as \"those personal, social, cognitive and physical skills that enable people to control and direct their lives and develop the capacity to live with and produce change in their environment\" \[[@B47],[@B52],[@B57]\]. In GSD-Y, the acquisition of life skills is considered to be a developmental process, where the adolescents are intended to start to accept and integrate diabetes into their lives and to become autonomously motivated to handle the challenges the life of a teenager with type 1 diabetes demands. To be autonomously motivated means, for example, that adolescents check their blood sugar because they find it important personally, rather than doing it on the initiative of parents or HCPs \[[@B56]\].

Because part of developing life skills is making self-determined decisions \[[@B52]\], Self-Determination Theory (SDT) has a central role in GSD-Y. According to SDT, self-determined behaviour requires the fulfilment of three needs: competence, autonomy and relatedness. An environment that is autonomy-supportive is necessary to foster the fulfilment of these needs \[[@B56]\]. A feeling of competence occurs when a person perceives that he or she meets optimal challenges and is able to master them effectively. Autonomy is perceived when people experience a sense of choice, endorsement and volition to act in accordance with their interests and values. The need for relatedness refers to the warmth and caring received through interactions with others, resulting in a general sense of belonging \[[@B56]\]. However, by applying pressure in their striving for good glycaemic control, parents and HCPs may unwillingly obstruct the adolescents\' development of competence, autonomy and relatedness, potentially fostering passivity, ill-being and amotivation \[[@B58]\].

In our study, the adolescents\' need for relatedness is satisfied when they feel a sense of belonging with parents and HCPs because there is an atmosphere where talking openly and honestly about their difficulties living with diabetes is legitimised, and adolescents still feel that they are cared for unconditionally. Satisfaction of the need for autonomy occurs when the adolescents perceive that parents and HCPs try to understand their perspective, acknowledge their feelings, and act in a non-judgmental way by minimizing the use of controlling language and behaviour. This creates an autonomy-supportive environment for decision-making, which helps adolescents act in congruence with their values and interests. Satisfying the need for relatedness and autonomy paves the way for fulfilling the need for competence in diabetes management. Adolescents will believe that they succeed in managing diabetes because parents and HCPs are aware of their current competence and accept their shifting readiness to take responsibility for their diabetes.

Guided Self-Determination-Young: essentials in GSD-Y
----------------------------------------------------

GSD-Y consists of 18 semi-structured reflection sheets for adolescents (Table [1](#T1){ref-type="table"}) and 5 reflection sheets for parents (Table [2](#T2){ref-type="table"}). In addition, 4 new semi-structured reflection sheets have been developed for visits with dieticians (Table [3](#T3){ref-type="table"}). The semi-structured reflection sheets are based on theories such as dynamic judgement building \[[@B59]\], values clarification \[[@B60]\] and the trans-theoretical stages of change theory \[[@B61]\], all of which enhance the development of life skills as described above.

###### 

Reflection sheets for adolescents

  --------------------------------------------------------------------------------------------------------------------
  1\. visit               Your life with diabetes from beginning to now
  ----------------------- --------------------------------------------------------------------------------------------
  **Reflection sheets**   Written invitation to work together in a new way

                          Two ways to look at HbA1c\
                          Important events and periods in your life\
                          What do you find difficult at present living with your diabetes?\
                          Your plans for changing your way of life\
                          Agreement on things to work with till next visit

                          

  **2. visit**            **Values and opportunities**

                          

  **Reflection sheets**   Unfinished sentences: needs, values, experiences and opportunities?

                          Agreement on things to work with till next visit

                          

  **3. visit**            **Diabetes in your life - now and in the future**

                          

  **Reflection sheets**   Blood sugar checks and your reasons for checking

                          A picture or a metaphor, or expression describing your life with diabetes\
                          Room for your diabetes in your life\
                          Shared responsibility for your diabetes in daily life between you and your parents\
                          Agreement on things to work with till next visit

                          

  **4. visit**            **Different ways to look upon numbers**

                          

  **Reflection sheets**   Your blood-sugar numbers as you would wish them to be and as you know them from experience

                          Evidence for advantages and disadvantages of high and low blood sugar\
                          Your plan for blood sugar regulation in the short and long run\
                          Situations where you want to avoid low blood sugar\
                          Agreement on things to work with till next visit

                          

  **5. visit**            **Problem-identification**

                          

  **Reflection sheets**   Current problem-solving

                          Agreement on things to work with till next visit

                          

  **6. visit**            **Problem solving and options of new ways to self-management**

                          

  **Reflection sheets**   Dynamic problem-solving

                          Pros and cons\
                          Agreement on things to work with till next visit

                          

  **7. visit**            **Problem-identification**

                          

  **Reflection sheets**   Current problem-solving

                          Agreement on things to work with till next visit

                          

  **8. visit**            **Problem solving and options of new ways to self-management**

                          

  **Reflection sheets**   Dynamic problem-solving

                          Pros and cons\
                          Solved problems and subjects to continue to work with in future outpatients appointments
  --------------------------------------------------------------------------------------------------------------------

###### 

Reflection sheets for parents

  ----------------------------------------------------------------------------------------------------------------
  1\. visit               Your life as a parent to an adolescent with type 1 diabetes
  ----------------------- ----------------------------------------------------------------------------------------
  **Reflection sheets**   Unfinished sentences: needs, values, experiences and opportunities?

                          Room for your adolescents\' diabetes in your life\
                          Current problem-solving

                          

  **2. visit**            **Problem identification and solving - options of new ways to shared decision making**

                          

  **Reflection sheets**   Dynamic problem-solving

                          Pros and cons
  ----------------------------------------------------------------------------------------------------------------

###### 

Reflection sheets for visits at the dietician

  1\. visit               Present challenges regarding food, snacks and insulin
  ----------------------- --------------------------------------------------------------------------------------------------------------------------------------------
  **Reflection sheets**   What do you find demanding or difficult at present regarding your food living with your diabetes?
                          Experiments: An easy situation and a difficult situation as you experience it where you try to get food/snacks and insulin to fit together
                          
  **2. visit**            **Evaluation of experiments**
                          
  **Reflection sheets**   Did it work? Why if and why if not?
                          New experiments to work with till next visit or ending

Before each appointment, adolescents and parents complete the reflection sheets (Table [1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}, [3](#T3){ref-type="table"}). The first reflection sheet includes a written invitation for adolescents and their parents to take part in mutual problem solving (Table [1](#T1){ref-type="table"}) \[[@B50]\]. While this component of the sheet clarifies that the knowledge of all three parties is important and legitimises different points of view, it also states that the adolescents are seen as the final problem solvers, and parents and HCPs are seen as facilitators.

By filling in reflection sheets with their own words and drawings, adolescents and their parents systematically explore and express their individual and common difficulties and experiences with diabetes in daily life. Thus prepared for appointments in the outpatient clinics, adolescents and their parents are guided by trained GSD-Y HCPs to communicate openly and reflect mutually by sharing and respecting each other\'s observations, thoughts and feelings as a starting point for a constructive collaboration in a caring relationship. This model adds shared insight to previous patterns of diabetes management, which yields a platform for identifying unknown resources in both adolescents and parents and discovering new strategies for problem-solving between the three parties. This paves the way for agreements and concrete arrangements about how to test new problem-solving strategies in the time between outpatient appointments. At the outpatient appointments, the triad evaluates their experiences with these strategies.

The overall aim is for adolescents and parents to identify concrete potential for change \[[@B47]\] and to avoid adolescents, parents or HCPs entering alliances with one another against the third party.

To use the reflection sheets with adolescents and parents, HCPs must be able to practice advanced communication skills such as mirroring \[[@B62]\], active listening \[[@B63],[@B64]\] and values clarification \[[@B60]\]. Furthermore, HCPs should be able to support autonomy in their way of providing information and research-based knowledge of diabetes treatment and management (e.g., evidence on risks incurred by high and low blood sugar levels).

GSD-Y training programme for HCP
--------------------------------

To meet Objective 1, HCPs participated in a training programme (Additional file [1](#S1){ref-type="supplementary-material"} ). The programme consisted of lessons in the formal theoretical basis of GSD, knowledge of barriers to empowerment in patient-provider relationships that GSD was designed to overcome and apparatuses in GSD-Y. Furthermore, they practiced using the semi-structured reflection sheets supported by their advanced communication skills using role-playing with simulated adolescents and parents, but also with real adolescents with type 1 diabetes and parents who agreed to participate in this training process. These adolescents and parents did not participate in the intervention trial. HCPs were taught and supervised by GRH and VZ. Finally, their formal theoretical foundation and ability to use GSD-Y were approved by GRH before the start of the trial.

Endpoints of the study
----------------------

### Primary outcome

HbA1c.

### Secondary outcomes

a\. Development of life skills in adolescents with type 1 diabetes

\(i\) Experience of feeling competent in managing diabetes, (ii) experience of HCPs being autonomy-supportive versus controlling, (iii) motivation for diabetes management, (iv) ability to manage diabetes-related distress, (v) involvement and support for autonomy from parents, (vi) well-being.

b\. Diabetes outcomes directly related to patient management

\(i\) Insulin delivery/number of injections/insulin types, (ii) number of self-monitored blood glucose values, (iii) hypoglycaemic episodes (frequency and severity), (iv) admissions to hospital and reasons for admissions (e.g. episodes of ketoacidosis, hypoglycaemia).

c\. Diabetes outcomes indirectly related to patient management

\(i\) Attendance at intervention or control sessions, (ii) parental participation.

Sample size calculation
-----------------------

The size of the study was based on the primary outcome measure HbA1c. According to a power calculation, an absolute difference of 1.0% in HbA1c between the GSD-Y group and the control group (power 0.8; two-sided level of significance 0.05) could be detected with 26 patients in each group. This calculation was based on a standard deviation of the HbA1c value of 1.3% from a study of coping skills training \[[@B45]\]. To compensate for an attrition rate of 25%, we aimed to recruit 68 patients.

Enrolment
---------

### Inclusion criteria

All adolescents aged 13-18 years who have had type 1 diabetes for more than one year will be invited to participate together with their parents if they meet the following criteria:

▪ HbA1c ≥ 8.0% at the last visit before entry into the study and

▪ Average HbA1c \> 7.5% during the last year before entry into the study.

### Exclusion criteria

Adolescents will be excluded from participating in the study if they meet any of the following criteria:

▪ Diagnosed with a psychiatric disease

▪ Consulting a psychologist at the time of recruitment

▪ Unable to understand, talk or read Danish.

Randomisation
-------------

Adolescents and parents willing to participate and fulfilling the inclusion criteria will be randomised to either an intervention group (n = 34) (GSD-Y) or a control group (n = 34) (standard care), using stratified randomisation by the adolescent\'s usual HCP. Randomisation will be performed using sealed envelopes. Neither adolescents nor the HCPs can possibly be blinded to the study. The adolescents in the control group will be offered the GSD-Y intervention after the study has concluded (14-18 month wait-list design).

Consent
-------

Consent to participate in the study will be obtained by the adolescents\' usual HCP. After informed written consent is obtained from the adolescent and at least one parent, adolescents will be randomised into either the intervention or the control group. The adolescent or their parents remain free to withdraw at any time during the study without giving reasons and without prejudicing further treatment. If a participant withdraws consent from further study participation, their data will remain on file and will be included in the final study analysis if the consent for use of the data is not withdrawn; if consent for use of data is also withdrawn, data will be destroyed immediately.

Intervention group
------------------

The GSD-Y intervention will be delivered by the adolescent\'s usual HCP in individual settings for a total of 8 visits during an 8- to 12 month period. Each of the 8 visits will last for 1 hour and will include specific reflection sheets, and each visit will cover a specific topic (Table [1](#T1){ref-type="table"}). Parents will be invited to participate. However, at least one of the visits can take place without the parents if the involved parties agree. The purpose is to create a safe environment where the adolescents can talk about personal affairs that are confidential and not known by their parents, yet are pertinent to their ability to manage their diabetes (e.g. smoking, drugs, boy/girlfriend). After this type of visit, the adolescents and HCPs will agree on what should be told to the parents, who should tell, and when.

In addition to the visits together with their adolescents, parents will also be offered two visits alone with the adolescents\' usual HCPs. The reason for this is to create an environment where the parents can talk about how to act in an autonomy-supportive manner and how to manage their adolescents\' shifting readiness to take responsibility for the management of the disease. The first of these parent/HCP visits will be offered after 3 months, and the second will be offered after 6 months. Both of the visits will include specific reflection sheets, and both visits will cover a specific topic (Table [2](#T2){ref-type="table"}). After these visits, the parents and HCPs will agree on what should be told to the adolescents, who should tell, and when.

Adolescents will be referred to the dietician if needed. The need for referral will be made by the adolescent, the parents and their HCPs based on the completed reflection sheets from visits 1 and 2. The meeting with the dietician can take place with or without the parents, as decided by the involved parties. Each referral to the dietician involves at least two visits. Each visit is supported by special reflection sheets and covers a specific topic (Table [3](#T3){ref-type="table"}).

The adolescents and parents keep their original semi-structured reflection sheets and a copy is put in their file.

Control group
-------------

The control group receives standard care including a number of outpatient visits equal to that of the intervention group: eight visits during an 8 to 12 month period, with a standard duration per visit of 30 to 45 minutes, depending on the hospital.

Duration
--------

The trial will last from 14 to 18 months for both groups including the 6-month follow-up measurements. The first adolescent began the study in September 2009, and the last adolescent will finish the study in April 2012.

Data Collection, Measurements and Analysis Quantitative component
-----------------------------------------------------------------

### Primary outcome

HbA1c will be collected as a routine clinical measurement every third month, which is a standard practice. The capillary blood samples for HbA1c from both hospitals are being analysed at the same department of clinical biochemistry using Variant Analysis Mode, TOSOH Automated Glycohaemoglobin Analyzer HLC-723 G8 (normal range 4.3% - 5.8%).

### Secondary outcome a

Danish versions of 6 scales were compiled in one questionnaire (Table [4](#T4){ref-type="table"}). The questionnaires will be completed by the adolescents at the outpatient clinics and placed in a closed envelope before being returned to the personal HCPs at the following timepoints: 1) baseline before randomisation, 2) after the end of the intervention/control period (8-12 months), and 3) after a 6-month follow-up period (ranging between 14 and 18 months from the time of entry into the trial).

###### 

Adolescent measures and outcome

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  `Scales`                                                        `Outcome`                                                             `Ranging`                                                    `Examples`                                                                                `Scores`
  --------------------------------------------------------------- --------------------------------------------------------------------- ------------------------------------------------------------ ----------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  `The Perceived`\                                                `Experience of own`\                                                  `Ranging from 1 (strongly disagree) to 7 (strongly agree)`   `"I feel confident in my ability to manage my diabetes"`                                  `Produces a total sum score from 5- 35. A high sum score represents a high level of perceived competence`
  `Competence Scale`\                                             `competence`                                                                                                                                                                                                                 
  `(PCD) 5-item`                                                                                                                                                                                                                                                                               

                                                                                                                                                                                                                                                                                               

  `The Health-Care Climate`\                                      `Perceptions of`\                                                     `Ranging from 1 (strongly disagree) to 7 (strongly agree)`   `"I feel that my HCPs have provided me choices and options about handling my diabetes"`   `Produces a total sum score from 5-35. A high sum score represents a high level of perceived autonomy support`
  `Questionnaire (HCCQ) 5 -item`                                  `autonomy support`\                                                                                                                                                                                                          
                                                                  `from HCP`                                                                                                                                                                                                                   

                                                                                                                                                                                                                                                                                               

  `The Treatment Self-Regulation Questionnaire (TSRQ) 21-item`\   `The degree in which patients'`\                                      `Ranging from 1 (strongly disagree) to 7 (strongly agree)`   `(I) Autonomous; "It's exciting to try to keep my blood sugar in a healthy range"`\       `Produces sum scores for each of three subscales, Autonomous from 8-56, Controlled 9-63, Amotivated 4-28. High sum scores indicate high levels of autonomy, controlled or amotivated behaviour. A Relative Autonomy Index is calculates by subtracting the controlled scores from the autonomous scores. The higher relative autonomy index the higher is motivation based on autonomy compared to control`
  `Consists of 3 subscales`                                       `behaviour is`\                                                                                                                    `(II) Controlled; "I want my HCP to think I am a good patient"`\                          
                                                                  `self-determined`                                                                                                                  `(III) A-motivated; "I do not know why I do try - I will not bee successful"`             

                                                                                                                                                                                                                                                                                               

  `The Problem Areas`\                                            `Perception of current emotional burden of diabetes related issues`   `Ranging from 0 (not a problem) to 4 (serious problem)`      `"Feelings of guilt or anxiety when you get off track with your diabetes management"`     `Produces a total score from 0-100 by summing up and multiplying this sum by 1.25. Higher scores indicate greater emotional distress. Cut points:`\
  `In Diabetes scale (PAID) 20-item`                                                                                                                                                                                                                                                           `≥30 elevated distress`\
                                                                                                                                                                                                                                                                                               `≥40 serious distress`

                                                                                                                                                                                                                                                                                               

  `The Perception of Parents Scale (POPS) 26-item`\               `Perception of`\                                                      `Ranging from 1 (not at all true) to 7 (very true)`          `(I) Mother/Father Autonomy Support;`\                                                    `Produces a total sum score from 13-91 in each subscale. High sum scores represent a high level of mother/father autonomy support/involvement`
  `Consists of 2 sub-scales, mothers & fathers`                   `autonomy support`\                                                                                                                `"My mother/father allows me to decide things for myself"`\                               
                                                                  `and involvement`\                                                                                                                 `(II)Mother/Father Involvement;`\                                                         
                                                                  `from parents`                                                                                                                     `"My mother/father finds time to talk with me"`                                           

                                                                                                                                                                                                                                                                                               

  `The WHO5 Well-Being Index 5-item`                              `Emotional`\                                                          `Ranging from 0 (not present)`\                              `"I have felt cheerful and in`\                                                           `Produces a total score from 0-100 by summing up and multiplying a sum score by 4. Higher scores indicate greater emotional distress. Cut points:`\
                                                                  `Well-being`                                                          `to 5 (constantly present).`                                 `good spirits for the last`\                                                              `< 50 poor emotional well-being`\
                                                                                                                                                                                                     `two weeks"`                                                                              `≤ 28 indicate depression`
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

The scales included the following:

▪ Perceived competence for diabetes management (PCD), assessing patients\' experiences of feeling able to manage their diabetes successfully \[[@B65]\]

▪ Health Care Climate Questionnaire (HCCQ) assessing the degree to which patients believed their HCPs to be autonomy-supportive versus controlling in providing general treatment \[[@B65]\]

▪ Treatment Self-Regulation Questionnaire (TSRQ) assessing the motivation for diabetes management and the degree to which behaviours tended to be self-determined. The TRSQ consists of three subscales; (I) Autonomous, (II) Controlled, (III) A-motivated \[[@B66]\]

▪ Problem Areas In Diabetes (PAID) assessing diabetes-related distress including a wide range of feelings related to living with diabetes and its treatment, including guilt, anger, depressed mood and fear \[[@B67]\]

▪ The Perception of Parents Scale (POPS) \[[@B68]\] assessing adolescents\' perceptions of their parents\' autonomy support and involvement

▪ WHO-5 Well-being Index capturing emotional well-being in the last two weeks (WHO-5) \[[@B69]\].

The scales were translated and harmonised in accordance with recommended guidelines \[[@B70]\]. Internal consistency was measured for all 6 scales and proved to be good. Cronbach\'s α ranged from 0.76-0.94 for the Danish versions of the HCCQ, PCD and TSRQ for adults, \[[@B47]\]; the Cronbach\'s α for the English version for adolescents of the WHO5 was 0.82 \[[@B69]\], 0.96 for the PAID \[[@B71]\] and 0.88 for the POPS Autonomy support from mothers and fathers \[[@B58]\]. Face validity of the Danish versions was tested in 8 adolescents between 13 and 18 years of age with type 1 diabetes.

### Secondary outcomes b and c

Regarding secondary outcomes b and c, a case report form will be completed at every outpatient visit by the adolescents\' HCPs. Furthermore, demographic data will be collected at baseline, after the intervention/control period and at the 6-month follow-up.

Analysis
--------

To meet Objective 2 and test if GSD-Y effectively reduces HbA1c and improves life skills in adolescents with type 1 diabetes, we will analyse HbA1c and quantitative data from the questionnaires using PAWS Statistics18 for Windows (SPSS Chicago, IL, USA). Statistical analyses will include frequency, mean, standard deviation and confidence intervals. Comparisons of primary and secondary outcomes for the two groups will be conducted comparing data at baseline, at the end of the study, and after a 6-month follow-up period using appropriate parametric tests for variables fulfilling the normal distribution criteria or appropriate non-parametric tests for variables not fulfilling the normal distribution criteria. A Bonferroni correction for multiple testing will be performed.

Improvement of life skills will be defined as increases in HCCQ-scores, TSRQ-scores on autonomy or in relative autonomy index (formed by subtracting TSRQ-scores on control from TSRQ-scores on autonomy), PCD, POPS, WHO-5 and frequency of SMBG per week, and decreases in TSRQ-scores on amotivation, PAID scores and HbA1c. Differences within the GSD-Y group and between the GSD-Y group and the control group will be calculated at the end of the intervention (8-12 months) and after a 6-month follow-up period.

Qualitative component
---------------------

### Data collection

Ten to twelve adolescents from the intervention group and their parents and HCPs will be followed during the intervention period. To ensure that we follow triads who face significant challenges, we will select them on the basis of high PAID scores and low WHO-5 scores at baseline, which indicate difficulties with life skills.

Data will be collected during the intervention period by recording two or three outpatient appointments between 1) adolescent, parent and HCP, 2) adolescent and HCP, and 3) parent and HCP.

Individual interviews will be carried out and recorded with the above-mentioned triads after the intervention\'s endpoint measures at a 6-month follow-up visit using a semi-structured interview guide \[[@B72]\] prepared on the basis of both listening to the recordings from outpatient visits and the definition of life skills \[[@B57],[@B73]\].

### Parameters and analysis

To meet Objective 1, the analysis of the recorded outpatient visits and the individual interviews will explore how adolescents, parents and HCPs experience the following:

▪ the implementation of GSD-Y in routine clinics (e.g. appropriateness, feasibility, the triads\' receptiveness, factors affecting implementation)

▪ usefulness of components of GSD-Y and additional support required for sustained uptake

▪ sustainability of GSD-Y and issues to consider in extending the model to adolescents in general with diabetes or other chronic disorders

To meet Objective 3, the analysis will also explore and illustrate how GSD-Y influences the process of adolescents developing life skills supported by their parents and their HCPs. Because the intervention is theory-driven \[[@B74]\], the analytical framework is predominantly deductive, based on theories on life skills \[[@B57],[@B73]\], self-determination theory \[[@B56]\], empowerment \[[@B54]\], values clarification \[[@B60]\], Zoffmann\'s grounded theories \[[@B49]-[@B51]\] and the way we expect these skills to be recognized in the interactions between adolescents, parents and HCPs in the qualitative evaluation as operationally described below. However, the analysis will also be inductive in its use of the constant comparative method and theoretical sampling \[[@B75]\] to expand the existing GSD theory to build a cumulative body of theory because the evaluation of GSD-Y is the first to evaluate a version involving three parties.

Data from the recorded outpatient clinics and the individual interviews will be transcribed verbatim. NVivo 8 software will be used to facilitate the analysis. To maximise the validity of our findings, at least two researchers will participate in the analysis.

Improvement of life skills after participating in the intervention group will be defined if we recognize that the adolescents have met the following benchmarks:

\- start to integrate the disease into their lives (i.e., if they talk about having a good teenage life without being enclosed by diabetes and are still well regulated).

\- develop autonomously based motivation for blood glucose measurement, registration and regulation, because they think it is important and not because it is either imposed by parents/HCPs or driven by an \"I should do\" feeling.

\- express their own goals for blood glucose and HbA1c regulation, and there is consistency between their objectives, values and behaviours.

\- are conscious about what they want to talk about at the outpatient clinics.

\- have insight into new ways to handle situations and relate constructively to the disease and their own reactions (e.g., instead of ignoring or deliberately choosing not to take insulin preventively, they now explain to their friends why they either opt out of eating certain foods or measure blood sugar and take insulin in advance.

\- are able to communicate openly and honestly with parents and HCPs because there is an atmosphere where it is permissible and possible to be honest without experiencing condemnation.

\- prevent or resolve conflicts or problems with diabetes in daily life outside the home and at home with support from parents and HCPs.

\- are conscious about parents\' and HCPs\' resources and **s**eek advice from their parents and HCP when needed and take advantage of these resources in learning self-management of diabetes.
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The study was approved by the Danish Data Association ref nr. 2008-41-2322. All information collected during the course of the study will be kept strictly confidential in accordance with Danish Data Association rules. The study will comply with all aspects of the Danish Data Association. Operationally, this will include consent from adolescents and parents to record the adolescents\' personal details including name and date of birth and consent from adolescents and parents for the data collected for the study to be used to develop new research.

Organization and Supervisors
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A supervisory group comprising the co-authors of the present paper was established and is responsible for the project. The group will meet with the project leader (GRH) four times each year until the study is finished. The meetings will provide an opportunity to discuss the research design, methods for data collection, schedules, data analyses, outcomes and statistical challenges.

The day-to-day management of the study will be led by the project leader. Every week the project leader will meet with the involved HCPs who are running the intervention. These meetings will provide the opportunity to discuss current challenges regarding using the GSD-Y in routine outpatient clinical care.
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